We discuss the gluino mass in the CMSSM and Nonuniversal Gaugino Mass Models (NUGM) frameworks in light of the results from the current LHC and Dark Matter experiments. Assuming negative results from the current and near future LHC experiments, we probe the gluino mass scales by considering its decay modes into stop and top quarks,g →t 1 t andg →ttχ 0 1 , wheret 1 t represents botht 1t andt * 1 t. The region with mg 2 TeV is excluded up to 68% CL in the CMSSM if the gluino decays into a stop and top quark, while the 95% CL exclusion requires mg 1.9 TeV. Considering an error of about 10% in calculations of the SUSY mass spectrum, such exclusion bounds on the gluino mass more or less overlap with the current LHC results. The decay modeg →ttχ 0 1 may take over ifg →t 1 t is not allowed. One can probe the gluino mass in this case up to about 1.5 TeV with 68% CL in the CMSSM, and about 1.4 TeV with 95% CL. Imposing the Dark Matter constraints yields a lower bound on the gluino and stop masses of about 3.2 TeV from below, which is beyond the reach of the current LHC experiments. A similar analyses in the NUGM framework yield exclusion curves for the gluino mass mg 2.1 TeV at 14 TeV for both decay modes of the gluino under consideration. We also show that increasing the center of mass energy to 27 TeV can probe the gluino mass up to about 3 TeV through its decay mode into stop and top quark. The Dark Matter constraints are not very severe in the framework of NUGM, and they allow solutions with mg, mt 1 TeV. In addition, with NUGM the LSP neutralino can coannihilate with gluino and/or stop for mg, mt ≈ mχ0 1 ∈ [0.9 − 1.5] TeV. With the 100 TeV FCC collider one can probe the gluino masses up to about 6 TeV with 36.1 f b −1 integrated luminosity. We also find that the decayg →tt can indirectly probe the stop mass up to about 4 TeV.
Introduction
The low scale implications of Supersymmetric (SUSY) SO (10) grand unified theories (GUTs) such as third family Yukawa unification and sparticle spectroscopy in SO (10) [1, 2] and SU (5) [3] have occupied a fair amount of attention in recent years. The current LHC results exclude a gluino lighter than about 2.1 TeV [5] , unless it happens to be the Next to Lightest Supersymmetric Particle (NLSP), in which case the bound on its mass can go down about 800 GeV. The bound on the stop mass varies depending on its decay modes. Thus, mt 1200 GeV ift → tχ 0 1 and mt 1100 GeV fort → bχ ± 1 [6] . These analyses have been performed mostly for low scale SUSY, where the SUSY spectrum can be adjusted such that the particles participating in the analyzed decay modes are light enough, while the rest of the spectrum is appropriately heavy and cannot interfere in the stop and gluino decays. Since a generic supersymmetric model has more than a hundred free parameters, such assumptions seem plausible. Besides, the probability for the relevant decay modes under the analyses (branching fractions, for instance) can be optimized.
On the other hand, the SUSY GUTs SO (10) and SU (5) can significantly reduce the number of free parameters, and some of the low scale assumptions may not be possible, when all low scale observables are calculated in terms of a few free parameters. For instance, one of our recent studies has shown that the solutions with mt 500 GeV can be excluded only within 60% confidence level (CL) fort → tχ 0 1 , and at 50% CL fort → bχ ± 1 [7] . For mt 500 GeV the exclusion is realized at the order of a few percent, even though the current results exclude a stop mass below about 800 GeV, if these decay modes are allowed in the low scale analyses.
A similar discussion can be applied to the gluino. The current results exclude solutions with mg 2.4 TeV, when the LSP neutralino is of mass around a TeV, while the mass bound on the gluino is reduced to about 2.2 TeV, as the LSP neutralino mass decreases [6] . Even though the sleptons and/or sneutrinos are light enough to take part, the lower mass bound on the gluino is still about 2 TeV [8] . A 125 GeV Higgs boson mass constrains the stop masses at around a TeV scale from below, but it is still possible to include the stop in the gluino decay modeg →tt. If this decay mode is kinematically allowed, the bound on the gluino mass can be lowered to about 1.8 TeV [9] , while it has recently been reported by the CMS analyses as mg 1.6 TeV [6] .
In this study, we consider the gluino decay into a stop and top quark, and apply the constraints from low scale analyses. Since the sbottom usually happens to be much heavier than stops (see, for instance, the benchmark points represented in several papers in Ref. [2] ), we do not consider processes in which the gluino decays into a sbottom and bottom quarks. Hence, the decay cascades considered are the following:
(2) The process given in Eq.(1) will be called Signal1, while Signal2 refers to the process given in Eq. (2) . If the gluino decay mode involving a stop and top quarks is not likely, then one can consider another mode denoted as Signal3, in which the gluino decays directly into a LSP neutralino along with a pair of top quarks:
As in the low scale analyses, we start with the gluino pair production and the next step of the decay cascade includes one pair of stops and one pair of top quarks. After this step, the analyses may resemble the stop quark analyses, where the stop can decay through either of the two processes,t → tχ 0 1 andt → bχ ± 1 . The strongest constraint in the latter case arises if the chargino is allowed to decay into a LSP neutralino and a W ± boson. Note that it is also possible that the stop can decay into a charm quark and LSP neutralino; however, the signal is soft in this case, and the constraint is not very severe (mt 230 GeV [10] ). Thus, we do not consider this latter case in the following discussion. The processes given above continue with the decays such as t → bW ± and W ± → lν.
The third stage (fourth in the process given in Eq. (2)) in the decay cascade of the signal includes two pairs of the third family quarks and two LSP neutralinos, if the stop decays into a top quark and LSP neutralino. The second option involves two W-bosons, and pairs of top and bottom quarks along with two neutralinos. The relevant background processes can be listed as tt, single top, ttW , ttZ, tttt, tth, W W , W Z, ZZ and W/Z + jets [9] . Even though the top quark pair production dominates in the background processes, the signal is expected to have much more missing energy, and the events from the top pair production background can be suppressed by applying a cut on the missing energy as / E T 300 GeV [7] . In this case, production of two pairs top quarks can be considered the main background in its final state.
Following [7] , as a benchmark study, our aim here is to explore the gluino searches in the framework of SUSY GUTs via the decay modeg →tt. The analyses of [7] will be generalized by employing the constraints and calculations to the whole data generated within the SUSY GUT framework. The paper is organized as follows. Section 2 summarizes the scanning procedure and the experimental constraints employed in our analyses. In Section 3 we briefly present the results and constraints on the gluino mass in CMSSM. Since the universal boundary conditions of CMSSM lead to a linear correlation between the gluino and LSP neutralino masses, we generalize our discussion in Section 4 by allowing non-universal gaugino masses (NUGM) at the GUT scale. We describe the constraints on the gluino mass from the current LHC experiments, as well as from the High Energy LHC (HE-LHC at 27 TeV) and Future Circular Collider (FCC at 100 TeV). Our conclusions are summarized in Section 5.
Scanning Procedure and Experimental Constraints
We have employed SPheno 4.0.3 package [11, 12] generated with SARAH 4.13.0 [13, 14] . In this package, the weak scale values of the gauge and Yukawa couplings in MSSM are evolved to the unification scale M GUT via the renormalization group equations (RGEs). M GUT is determined by the requirement of unification of the gauge couplings through their RGE evolutions. Note that we do not strictly enforce the unification condition g 1 = g 2 = g 3 at M GUT since a few percent deviation from the unification can be assigned to unknown GUT-scale threshold corrections [15, 16] . With the boundary conditions given at M GUT , all the soft supersymmetry breaking (SSB) parameters along with the gauge and Yukawa couplings are evolved back to the weak scale.
We have performed random scans over the parameter space of CMSSM and NUGM models as follows:
where m 0 is the universal SSB mass term for the matter scalars and Higgs fields. M 1 , M 2 and M 3 are the SSB mass terms for the gauginos associated with the U (1) Y , SU (2) L and SU (3) C symmetry groups respectively. While the SSB gaugino masses are independent terms in NUGM, in CMSSM they satisfy
A 0 is the SSB trilinear coupling, and tan β is ratio of VEVs of the MSSM Higgs doublets. In addition to these parameters, the radiative electroweak symmetry breaking (REWSB) conditions determine the value of the MSSM µ−term but not its sign, which we assume to be positive in our scans. Finally, we have used the central value of top quark mass, m t = 173.3 GeV [17] . Note that the sparticle spectrum is not too sensitive for one or two sigma variation in the top quark mass [18] , but it can shift the Higgs boson mass by 1-2 GeV [19, 20] .
The REWSB condition provides a strict theoretical constraint [21, 22, 23, 24, 25] over the fundamental parameter space given in Eq. (4) . Another important constraint comes from the relic abundance of charged supersymmetric particles [26] . This constraint excludes regions which yield charged particles such as stop and stau as the lightest supersymmetric particle (LSP). In this context, we accept only the solutions which satisfy the REWSB condition and yield neutralino LSP. In this case, it is also appropriate that the LSP becomes a suitable dark matter candidate. The thermal relic abundance of LSP should, of course, be consistent with the current results from the WMAP [27] and Planck [28] satellites. However, even if a solution does not satisfy the dark matter observations, it can still survive in conjunction with other form(s) of the dark matter [29] . We mostly focus on the LHC allowed solutions, but we also discuss the DM implications in our results.
In scanning the parameter space we use an interface, which employs the Metropolis-Hasting algorithm described in [38, 39] . After generating the low scale data with SPheno, all outputs are transferred to MicrOmegas [30] for calculations of the relic abundance of the LSP neutralino as a candidate for DM. At the final step, we transfer the same output files to MadGraph [31] to calculate the cross-sections of the signal and relevant background processes. We should note that the following approximation has been used in the crosssection calculations:
Even though MadGraph calculates cross-sections by using full matrix elements, comparisons over a control set of data points reveal an error of 0.7% at most between the MadGraph results and the approximations given above at. Thus, we obtain the results for the gluino pair production by MadGraph, and the full cross-section of the signals are calculated by using the approximation in Eqs. (5, 6 and 7) . After collecting the MadGraph results, we successively apply the mass bounds on all sparticles [32] and the constraints from the rare B-decays (B s → µ + µ − [33] , B s → X s γ [34] and B u → τ ν τ [35] ). In applying the mass bounds on the supersymmetric particles, we apply the LEP II bound on the gluino [36] . The solutions surviving after these constraints are referred to as the LHC allowed points, and the DM constraints are applied on these solutions. Regarding the relic abundance of LSP neutralino, we show bounds both from the WMAP and Planck satellites within 5σ uncertainty.
The experimental constraints can be listed as follows:
In addition to these constraints, we define the signal significance (SS) as
where S and B refer to the event number (cross-section × Luminosity) of the signal and background respectively. We use the following correspondence to translate SS to the confidence level (CL) [37] :
CMSSM at 14 TeV
We first discuss the results for the possible signal processes given in Eqs. (1, 2 and 3) in the CMSSM framework, and compare with the current LHC results on the gluino mass scale to see if there is any difference. The CMSSM boundary conditions imposed at M GUT yield a universal SSB mass term M 1/2 for all MSSM gauginos; hence, M 1/2 determines both the LSP neutralino and gluino masses. In this context, one expects a linear correlation between the low scale masses of the LSP neutralino and gluino. Figure 1 displays our results with plots in the m 0 − M 1/2 and mg − mt 1 planes. All points are compatible with REWSB and Figure 1 : Plots in the m 0 − M 1/2 and mg − mt 1 planes. All points are compatible with REWSB and neutralino LSP conditions. Green points are consistent with the current mass bounds and constraints from rare B-meson decays except for gluino, on whose mass the LEP II bound is applied. Blue points form a subset of green, and they indicate the solutions allowed by the WMAP bound on the relic abundance of neutralino LSP within 5σ; brown points are a subset of blue and they satisfy the Planck bounds on the relic abundance within 5σ. The horizontal line in the right panel indicates the current mass bound on the gluino mass, and the diagonal line indicates the mass degeneracy between the stop and gluino.
neutralino LSP conditions. Green points are consistent with the current mass bounds and constraints from rare B-meson decays except for gluino, on whose mass the LEP II bound is applied. Blue points form a subset of green, and they indicate the solutions allowed by the WMAP bound on the relic abundance of neutralino LSP within 5σ; brown points are a subset of blue and they satisfy the Planck bounds on the relic abundance within 5σ. The horizontal line in the right panel indicates the current mass bound on the gluino mass, and the diagonal line indicates the mass degeneracy between the stop and gluino. Even though we allow relatively low values for the SSB mass terms for scalars and gauginos, a strong bound on these parameters arises from DM considerations. The WMAP and Planck bound on the relic abundance of the LSP neutralino (blue and brown points) exclude most of the solutions, especially those in regions with m 0 5 TeV and M 1/2 1.2 TeV. The low scale impact of the bounds on these GUT scale parameters can also be expressed in terms of gluino and stop masses as shown in the right panel of Figure 1 . The mg − mt 1 plane shows that a gluino heavier than stop can be realized in much of the parameter space. The DM considerations constrain the stop and gluino masses as mt 1 , mg 4 TeV, which is beyond the reach of the current LHC experiments at 14 TeV [40] , while the near future experiments provide some hope to probe gluino and stop masses in this mass range.
We show the low scale mass spectrum for gluino, stop, LSP neutralino and the lightest chargino in Figure 2 with plots in the mg − mχ0 1 , mt 1 − mχ0 1 , mg − mχ± 1 and mt 1 − mχ± 1 planes. The color coding is the same as in Figure 1 . The diagonal lines in the panels mark the region of equal masses for the particles displayed. The horizontal lines in the top left and bottom left panels indicate the current bound on the gluino mass. As expected and mentioned above, the mg − mχ0 1 plot reveals a linear correlation between the gluino and the LSP neutralino masses due to the universal gaugino mass term M 1/2 at M GUT . As a result, even though we do not apply the current gluino mass bound, CMSSM cannot yield gluino as a next to LSP (NLSP) particle in the mass spectrum. On the other hand, a gluino as heavy as about 12 TeV can be realized. Similarly, the stop can be as heavy as the gluino, while it is also possible to realize the stop as NLSP with mt 1 ∼ mχ0 1 ∼ 500 GeV, as is seen from the mt − mχ0 1 plot. As well as neutralino, the lightest chargino can also take part in possible signal processes, while the gluino is always much heavier than the chargino as shown in the mg − mχ± 1 plane. Similarly, the stop is heavier than the chargino in most of the parameter space, while it is also possible to realize mt 1 mχ± 1 in a small portion of the parameter space (below the diagonal line in the mt 1 − mχ± 1 plane). Even though the DM constraints bound the stop and gluino masses at about 4 TeV from below, the LSP neutralino and lightest chargino masses are bounded from below at about 500 GeV, as seen from all plots in Figure 2 .
The probe of solutions with a gluino lighter than the current bound (∼ 2.1 TeV) depends on the strength of the signal, which is triggered with the gluino pair production, whose cross-section is shown in Figure 3 in correlation with the gluino (top left) and stop (top right) masses, BR(g →t 1 t) and BR(t 1 → tχ 0 1 ). The color coding is the same as in Figure  Figure 3 : Plots for the gluino pair production cross-section versus the gluino mass (top left), stop mass (top right), BR(g →t 1 t) and BR(t 1 → tχ 0 1 ). The color coding is the same as in Figure 1 .
1. The σ(pp →gg) − mg plane reveals a decreasing correlation with the gluino mass as it increases. This is expected, since the heavy masses requires greater energies, and the results represented in the σ(pp →gg) − mg plane are consistent with the results previously obtained [41, 42] . According to our results, the gluino pair production can be realized as high as about 100 pb if its mass is about O(100GeV), while it drops to about 10 −2 pb if the gluino mass is of order a TeV. The DM constraints lower the cross-section further to about 10 −6 pb for mg 3.2 TeV. The production is not likely (σ(pp →gg) 10 −5 pb) for mg 5 TeV. Even though the correlation is not as sharp as that with the gluino mass, the heavy stop mass scales also exhibit an inverse correlation with the gluino pair production cross-section, as seen in the σ(pp →gg) − mt 1 plane. Similarly the gluino pair production is not likely for mt 1 5 TeV. The bottom panels show the possibility of the gluino and stop decays in terms of the branching fractions of the relevant processes. It is possible to find solutions in which BR(g →t 1 t) ≈ 100%, while the DM constraints reduce it down to about 90%. The last panel shows how likely the stop can decay into a LSP neutralino along with a top quark, which provides the strongest exclusion on the stop mass. Even though it is possible to realize it as 100%, it can only be as high as about 10% when the DM constraints are applied.
Another possibility is for the stop to decay into the lightest chargino along with a bottom quark. In turn, the chargino decays into the LSP neutralino and a W −boson. Figure 4 represents the results for the cross-section of the gluino pair production and stop decay channels involving bottom and chargino (left), bottom, W-boson and LSP neutralino (right). The color coding is the same as in Figure 1 . The branching ratio in the right panel is obtained as
. As seen from the panels, this stop decay mode can be as high as about 90% or so consistent with the DM constraints for BR(t 1 → tχ 0 1 ) 10%. Next we consider these results in terms of the signal strength over the relevant backgrounds which is displayed in Figure 5 in the mχ0 1 − mg plane. All points are allowed by the current LHC results listed in Section 2. The blue points represent the solutions with SS 0, while the black points show those with SS 2σ, and the red points depict those with SS 1σ. The rest of the solutions lie in the green region and they yield SS 3σ. Assuming negative results for gluino searches, one can exclude the solutions represented in red, black and green. The blue points yield SS 0, which means theg →t 1 t analyses cannot be applied to these points. According to the results shown in Figure 5 , one can exclude the gluino mass scales below about 2 TeV with 68% CL, while those below about 1.9 TeV can be excluded up to about 95% CL. Considering an error of about 10% in calculation of the SUSY mass spectrum, these bounds obtained in CMSSM through the gluino pair production, with the gluinos decaying into a stop and top quark, are quite similar to those obtained in the low scale analyses.
Another possibility is for the gluinos to decay into a LSP neutralino along with a pair of top quarks, when theg →t 1 t process is not available. Figure 6 displays the results for this case with the plots in the σ(pp →gg) − BR(g →ttχ 0 1 ) and mχ0 1 − mg planes. The color coding in the left panel is the same as in Figure 1 , while the right panel is represented in terms of SS, whose color coding is the same as in Figure 5 . The exclusion region for the gluino mass scale can be slightly lowered through this channel as the regions with mg 1.6 TeV are excluded up to about 68% CL, while those with mg 1.4 TeV are excluded up to about 95% CL. Figure 5 : LSP neutralino and gluino masses in terms of the signal significance forg →t 1 t. All points are allowed by the current LHC results listed in Section 2. Blue points represent the solutions with SS 0, the black points show those with SS 2σ, and red points depict those with SS 1σ. The remaining solutions in the green region yield SS 3σ. Figure 6 : Plots in the σ(pp →gg) − BR(g →ttχ 0 1 ) and mχ0 1 − mg planes. The color coding in the left panel is the same as in Figure 1 , while the right panel is represented in terms of SS, whose color coding is the same as in Figure 5 .
Gluino Exclusion in NUGM
In this section we relax the universality in the gaugino sector by setting all gaugino masses independent of each other such that the linear correlation between the LSP neutralino and gluino masses does not hold. Non-universality in SUSY GUTs can be realized in several cases without conflicting with the underlying GUT symmetry and gauge coupling unification using non-singlet F −terms with non-zero VEVs [43] , or F −terms which are a linear combination of two or more distinct fields from different representations [44] . Another way is to assume two distinct sources of SUSY breaking [45] .
We first display our results for the scalar and gaugino masses in terms of the GUT parameters and low scale masses of the stop and gluino in Figure 7 in the m 0 − M 3 and mg − mt 1 planes. The color coding is the same as in Figure 1 . The diagonal line in the right panel indicates the mass degeneracy between the gluino and stop. As seen from the m 0 −M 3 plane, the DM constraints do not exclude any region in the fundamental parameter space, even though some regions in gray are excluded by the current LHC results. However, the correlation between the gluino and stop masses still holds as seen from the mg − mt 1 plane, since these SUSY particles raise mutually their masses in the RGEs. The mg − mt 1 plane shows that the gluino happens to be heavier than the stop in most of the parameter space, while a relatively small portion can yield a stop heavier than the gluino. Moreover, the DM constraints allow the gluino and stop to be as low as about 1 TeV, in contrast to the CMSSM case.
We discuss the low scale mass spectrum in more details with plots in the mg − mχ0 1 , mt 1 − mχ0 1 , mg − mχ± 1 and mt 1 − mχ± 1 planes of Figure 8 . The color coding is the same as in Figure 1 , and the diagonal lines indicate the mass degeneracy between the particles involved. The mg − mχ0 1 plane reveals that the gluino is nearly degenerate with the LSP neutralino for mass scales 1.1 mg 1.5 TeV. Such solutions favor the gluino-neutralino coannihilation scenarios which are able to bring the thermal relic abundance of the LSP neutralino to the ranges allowed by the WMAP and Planck measurements. Besides, since mg ≈ mχ0 1 , these solutions forbid processesg →t 1 t andg →ttχ 0 1 . Indeed, the exclusion limit on the gluino mass is not severe (mg 800 GeV) if it happens to be the NLSP. Similarly, we can also identify the stop-neutralino coannihilation solutions with 0.9 mt 1 ≈ mχ0 1 1.5 TeV, around the diagonal line in the mt 1 − mχ0 1 plot. For these solutions, the constraint on the relic abundance of the LSP neutralino is satisfied through stopneutralino coannihilation scenario. The bottom panels of Figure 8 show the chargino mass compared to gluino (left) and stop (right). Although the chargino can be as heavy as about 3 TeV, it is always lighter than the gluino and stop, unless the gluino and/or stop are NLSP.
In addition to gluino and stop, we present the mass spectrum in the mτ 1 − mχ0 1 and Figure 8 : Plots for the mass spectrum in the mg −mχ0 1 , mt 1 −mχ0 1 , mg −mχ± 1 and mt 1 − mχ± 1 planes. The color coding is the same as in Figure 1 , and the diagonal lines indicate the degeneracy between masses shown. Figure 9 : Mass spectrum in the mτ 1 − mχ0 1 and m A − mχ0 1 planes. The color coding is the same as in Figure 1 . The diagonal line in the left panel displays the region with mτ 1 = mχ0 1 , while it represents m A = 2mχ0 1 in the right panel.
m A − mχ0 1 planes. The color coding is the same as in Figure 1 . The diagonal line in the left panel indicates the regions with mτ 1 = mχ0 1 , while it represents m A = 2mχ0 1 in the right panel. It shows that the stau can be as heavy as about 2.2 TeV, and it is degenerate with the LSP neutralino to within 10% for 1.5 mτ 1 ∼ mχ0 1 1.9 TeV. The solutions in this mass scale favor the stau-neutralino coannihilation scenario in satisfying the constraint on the relic abundance of the LSP neutralino. This mass scale also favors the A− resonance solution as shown in the m A − mχ0 1 plane. Figure 10 : Plots for gluino pair production cross-section and its decay modes in the σ(pp → gg) − mg, σ(pp →gg) − mt 1 , σ(pp →gg) − BR(g →t 1 t) and BR(g →ttχ 0 1 ) planes. The color coding is the same as in Figure 1 . Figure 10 shows our results for the gluino pair production cross section at 14 TeV and its decay modes in the σ(pp →gg) − mg, σ(pp →gg) − mt 1 , σ(pp →gg) − BR(g →t 1 t) and BR(g →ttχ 0 1 ) planes. The color coding is the same as in Figure 1 . The results are quite similar to those obtained in the CMSSM framework. This is because the particle dynamics remain the same, since we do not extend the particle content and/or the symmetry group. The gluino pair production cross-section can be of the order O(100) pb for light gluino solutions, while the DM constraints lower it to about 10 −1 pb by bounding the gluino mass at about 1 TeV from below. The cross-section drops below 10 −5 pb for mg 3 TeV, beyond which the gluino pair production becomes unlikely. Similar discussion can be followed for the stop mass considered as shown in the σ(pp →gg) − mt 1 plot. The σ(pp → gg) − BR(g →t 1 t) plane shows that the gluino can decay 100% into a stop and top quark consistent with the LHC constraints and DM measurements. Theg →ttχ 0 1 process can also be realized at 100%, but the DM constraints mostly exclude this process. We should note that there are a few solutions satisfying the DM constraints for BR(g →ttχ 0 1 ) 85%. The number of such solutions can increase in a more thorough statistical distribution 1 . Figure 11 : LSP neutralino and gluino masses in terms of the signal significance for thẽ g →t 1 t andg →ttχ 0 1 . The color coding is the same as in Figure 5 .
Assuming negative results in search of the gluino and/or stop at 14 and 27 TeV, the excluded regions are shown for theg →t 1 t andg →ttχ 0 1 in the LSP neutralino and gluino mass plane of Figure 11 in terms of the signal significance. The color coding is the same as in Figure 5 Figure 5 .
In addition to gluino and LSP neutralino, the decay modeg →t 1 t is also sensitive to the stop mass, and it leads to interesting results regarding the stop mass. This is because a SUSY particle exhibits a strong tendency to decay into the next SUSY particle in the mass spectrum, if it is allowed. If the stop is the heaviest sparticle after gluino in the mass spectrum, the gluino has a strong tendency to decay into a stop as seen from the plots in the BR(g →t 1 t) − (mg − mt 1 ) and mχ0 1 − mt 1 planes of Figure 12 . The color coding in the left panel is the same as in Figure 1 , while the right panel is obtained with the color coding used in Figure 5 . The BR(g →t 1 t) − (mg − mt 1 ) plane shows that BR(g →t 1 t) ∼ 100% for mg − mt 1 1 TeV, and even though it is possible to obtain a large branching fraction for mg − mt 1 ∼ 2 TeV, such solutions correspond to a heavy gluino, whose pair production becomes unlikely. The mχ0 1 − mt 1 plot summarizes our discussion for the decayg →t 1 t with the stop subsequently decaying into a top quark and a LSP neutralino. According to the results shown in this plane, the stop mass up to about 1.8 TeV can be excluded, if the collider analyses do not yield any direct signal up to this mass scale.
Before concluding we summarize our findings in Figure 13 in the mχ0 1 −mg and mχ0 1 −mt 1 planes, with the color coding is the same as in Figure 1 . The orange curve represents the exclusion region at 14 TeV, while the dark green and the red curves are obtained for 27 TeV and 100 TeV respectively. The solutions with mg 2 TeV are excluded in the current LHC run, while the HE-LHC (at 27 TeV) and FCC (at 100 TeV) can probe a gluino mass up to about 3 TeV and 6 TeV respectively. Comparing with Figure 9 the exclusion regions from 14 TeV and 27 TeV do not yield any impact on the stau-neutralino coannihilation and A−resonance solutions, while 100 TeV can probe and exclude them in case of no direct signal in near future. Besides, the analyses for theg →t 1 t decay mode cannot be applied if the gluino happens to be NLSP (brown and blue points around the diagonal line in the left panel). Furthermore, the decay modeg →t 1 t can probe the stop up to about 1.8 TeV, 2.5 TeV and 4.4 TeV in the experiments at 14 TeV, 27 TeV and 100 TeV center of mass energies respectively, as shown in the mχ0 1 − mt 1 plane. Figure 13 : Summary of our findings in the mχ0 1 − mg and mχ0 1 − mt 1 planes. The color coding is the same as in Figure 1 . The orange curve represents the exclusion at 14 TeV, while the dark green and the red curves are obtained for 27 TeV and 100 TeV respectively.
We should note that the curves represented in Figure 13 can be interpreted as the minimum reach of the future experiments, since we set the luminosity to 36.1 f b −1 in our analyses. It has already been reported that the FCC can probe the gluino mass up to about 10 TeV (see, for instance, [42] ) for an integrated luminosity of 3000 f b −1 . Figure 14 displays our results in probing gluino at the FCC experiments if the 3000 f b −1 luminosity is reached. One can expect that a gluino mass up to about 9-10 TeV will be probed, and we remain optimistic that a direct signal will sight the gluino in the near future. Figure 14 : Gluino probe at the FCC with 100 TeV center of mass energy. The color coding is the same in Figure 1 . The red curve represents the gluino reach when the luminosity is set to 3000 f b −1 .
Conclusion
We have explored gluino masses in the CMSSM and NUGM frameworks through its decay into a stop and a top quark, or into a pair of top quarks along with a LSP neutralino. We find that the region with mg 2 TeV is excluded up to 68% CL in the CMSSM if the gluino decays into a stop and top quark. The 95% CL exclusion is also quite significant, since it requires mg 1.9 TeV. Considering an error of about 10% in the calculation of the SUSY mass spectrum, such exclusion bounds on the gluino mass more or less overlap with the current LHC results. The decay modeg →ttχ 0 1 may take over if theg →t 1 t is not allowed. One can probe in this case a gluino mass up to about 1.5 TeV with 68% CL in the CMSSM, and about 1.4 TeV with 95% CL. Imposing the DM constraints yield a lower bound on the gluino and stop masses of about 3.2 TeV, which is beyond the reach of the current LHC experiments.
We performed a similar analyses in the NUGM framework corresponding to nonuniversal gaugino masses at GUT scale. Non-universality in the gaugino sector breaks the linear correlation between the gluino and LSP neutralino masses so that one can identify solutions corresponding to the gluino-neutralino coannihilation scenario. Even though the DM constraints have a strong impact also in the NUGM parameter space, it is not as strong as that in CMSSM, and a lower bound on the gluino and stop masses is about 1
TeV. An NLSP gluino is realized in the mass region 1.1 mg ≈ mχ0 1 1.5 TeV. Since the mass difference between the gluino and LSP neutralino is rather small, these solutions cannot be probed through a gluino decay into a stop and top quark. Indeed, the exclusion region in this case from the LHC, namely mg 800 GeV, is not very severe. In NUGM we identify stop-neutralino coannihilation solutions with mt 1 ≈ mχ0 1 ∈ [0.9 − 1.5] TeV and stau-neutralino coannihilation for 1.5 mτ 2 TeV and A−resonance solutions for 2.5 m A 3 TeV . We find that the a gluino of mass up to about 2 TeV can be excluded through the decay modeg →t 1 t at 14 TeV, and it can be probed up to about 3 TeV and 6 TeV at the HE-LHC and FCC experiments respectively, with an integrated luminosity of 36.1 f b −1 . We also note that a 100 TeV FCC can probe gluino masses up to about 9-10 TeV with an integrated luminosity of 3000 f b −1 .
Finally, experiments at 100 TeV center of mass energy can also probe the stau-neutralino coannihilation and A−resonance solutions. Besides the gluino, the impact on the stop mass through theg →t 1 t channel is significant as it can be probed up to about 1.8 TeV, 2.5 TeV and 4.4 TeV in experiments with 14 TeV, 27 TeV and 100 TeV center of mass energies respectively.
